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In this issue’s Cell Biology Select, we discuss recent findings in the field of nuclear organization. We focus on
studies that describe potential functions for physical interactions among chromosomes, interactions between
DNA elements and the nuclear envelope, and the dynamics of chromatin.
X(ic) Marks the Spot
Organisms have different ways of compensating for unequal gene dosage between
the sexes. In female mammals, one X chromosome is inactivated to equalize gene ex-
pression from the X between females (XX) and males (XY). In the early embryo, com-
plexmechanisms can sense thepresence ofmore than oneX (counting) and inactivate
only one of the two X chromosomes (choice). On each X there exists an X-inactivation
center (Xic), which orchestrates X-chromosome inactivation. It is still not clear how the
cell inactivates just one of the two X chromosomes. Two recent studies, Xu et al. and
Bacher et al., now document an interaction between the two chromosomes that may
be important for X-chromosome inactivation. Both studies used fluorescence in situ
hybridization (FISH) to mark the X chromosomes during the differentiation of female
mouse embryonic stem cells. They measured the distance between the two Xics at
different time points during differentiation. Xu et al. show that between day 2 and
day 4 of differentiation, the two chromosomes moved closer to each other (<2 mm
apart). Bacher et al. see the closest association (0–1 mm apart) between 1.5 to
2 days of differentiation. Both groups demonstrate that this close association occurs
at very early stages of X-chromosome inactivation. Both Tsix and Xite, noncoding
RNAs that are involved in X inactivation and important for counting/choice, are also required for X-X pairing, implicat-
ing this interchromosomal association in these processes. In support of a role for Tsix in pairing, Xu et al. were able to
detect physical proximity between the twoTsix loci. These results suggest that pairing initiates signals that arepassed
between the twochromosomes to specify inactivation of only oneXchromosome. Further elucidation of these signals
will help us to understand this fascinating process.
N. Xu et al. (2006). Science 311, 1149–1152. Published online January 19, 2006. 10.1126/science.1122984.
C.P. Bacher et al. (2006). Nat. Cell Biol. 8, 293–299. Published online January 24, 2006. 10.1038/ncb1365.
Globin Genes Rendezvous
a and b globin genes are co-regulated such that equal amounts of these gene prod-
ucts are made in primary human erythroblasts during the terminal differentiation of
erythrocytes. However, these genes are on different chromosomes and occupy dis-
tinct areas in the nucleus with very different gene neighbors, as shown by Brown
et al. Using a highly purified population of erythrocytes, the authors examined the
nuclear sublocalization of the globin genes during differentiation. First, the authors
established that transcription levels of the a and b globin genes peak in intermediate
erythrocytes. They then examined the relative localization of actively transcribing
globin alleles (a-a, b-b, and a-b) at different stages of differentiation. b-b associa-
tions did not change significantly; however, a-a and a-b globin gene associations
increase and peak in intermediate erythroblasts (33% and 49%, respectively)
when these loci are most actively transcribed. Furthermore, actively transcribing
globin genes also contact nuclear speckles that are enriched for a splicing factor
(SC35), and the frequency of this contact also peaks in intermediate erythroblasts.
It is not clear if this association between genes is involved in regulated transcription
or if contact with the nuclear speckles is the cause of the association of the two
genes. What is clear is that while the position of the globin genes correlates with
transcriptional state, it is also affected by the surrounding chromatin. Accordingly,
the authors show that the mouse globin genes, which are in very different gene
environments compared to the human globin genes, do not associate to the same
degree. The authors favor a model in which association between the two genes is
the result of, but not essential for, transcriptional activity, and that the degree of as-
sociation is dependent on local chromatin context. Many important molecular
details remain to be elucidated, but this study contributes to our understanding of
the dynamic organization of DNA within the nucleus.
J.M. Brown et al. (2006). J. Cell Biol. 172, 177–187.
Xic crosstalk. DNA FISH show-
ing the X chromosomes (pink)
and the Xics (green); DNA
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age courtesy of Edith Heard.
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Long-Range Chromosomal Interactions
Polycomb proteins bind to regulatory DNA sequences called Polycomb response elements (PREs) to mediate si-
lencing. Repression is enhanced when there are two copies of the element present, a phenomenon called pair-
ing-sensitive silencing. This phenomenon is very important in Drosophila development, where long-range interac-
tions exist between multiple PREs such as the Fab-7 element. A recent study by Vazquez et al. visualizes an
interaction between multiple copies of another PRE, Mcp, in live cells using real-time microscopy. The authors ex-
amine theMcp element in the nuclei of fruit fly imaginal discs. They use the lacO/GFP-lac I system in which bacterial
lacO operator elements are inserted near anMcp element and expression of a GFP-tagged version of the lacI repres-
sor (which binds to lacO sequences) allows these DNA sequences to be followed in real time. Using this approach,
the authors show interactions among up to fourMcp elements including those on different chromosomes. By visu-
alizing the interactions over time, they found that they were quite stable. It has been recently shown that siRNAs are
important in stabilizing the interactions of Polycomb proteins and the maintenance of silencing at the PRE Fab-7
locus. It will be interesting to determine if that is the case for silencing mediated by the Mcp element.
J. Vazquez et al. (2006). Mol. Biol. Cell Published online February 22, 2006. 10.1091/mbc.E06-01-0049.
Telomere Anchoring and DNA Double-Strand Break Repair
Targeting DNA elements to the nuclear periphery is emerging as a common method for regulating gene expression.
In yeast, telomeres are frequently anchored to the nuclear envelope, and this association occurs through two redun-
dant pathways involving the DNA double-strand break (DSB) repair protein, yKu, and the silencing factor Sir4p. Re-
gions adjacent to telomeres (subtelomeres) are subject to gene silencing. Therizols et al. now show that components
of the Nup84 nuclear pore complex appear to be involved in both anchoring telomeres and subtelomeric gene silenc-
ing. The authors show that deletion of several of the genes encoding Nup84 nuclear pore complex proteins affects
the positioning of telomeres at the nuclear periphery, indicating that the nuclear pore may help to anchor telomeres.
Mutations in Nup84 also affect gene silencing in subtelomeres. Interestingly, DSBs in subtelomeric regions are not
repaired in Nup84 mutants, resulting in decreased survival of the mutant cells. Therefore, it appears that localization
of telomeres to the nuclear envelope correlates with DSB repair of subtelomeric regions. This study is a nice example
of how subnuclear localization of telomeric DNAmay be important for a critical cellular process: efficient DSB repair.
The next step will be to discern whether this holds true for all yeast chromosomes and to determine the precise
molecular interactions between the nuclear pore complex and telomeres. One candidate for a protein that bridges
telomere position and DSB repair is Esc1, a nuclear inner membrane protein that is also involved in tethering of
telomeres. Mutations in the gene that encodes this protein affect DSB repair but not silencing, suggesting that these
two functions are separable.
P. Therizols et al. (2006). J. Cell Biol. 172, 189–199.
Movers and Shakers in Embryonic Stem
Cell Chromatin
Mammalian embryonic stem cells (ESCs) lose their pluripotency as they undergo dif-
ferentiation. Meshorer et al. examined whether changes in the nuclear organization of
the genome are related to this loss of pluripotency. They monitored the dynamics of
chromatin in mouse ESCs by visualizing the behavior of structural chromatin proteins
as the murine R1 cells differentiated into neural progenitor cells (NPCs). Immunofluo-
rescent staining of HP1a (a heterochromatin marker) and FISH revealed larger non-
uniform heterochromatin spots in ESCs comparedwith smaller, more discrete hetero-
chromatin spots in NPCs, indicative of large-scale genome rearrangements during
differentiation. Using the fluorescence recovery after photobleaching assay, the au-
thors showed that HP1a-GFP was more dynamic in the heterochromatin of ESCs
compared to NPCs. They report similar findings for core histones and certain linker
histones. Together with biochemical data, it appears that several important chromatin
architectural proteins are less tightly bound to DNA and more free to exchange with
soluble pools in ESCs. Importantly, when the authors interfered with the dynamic ex-
change of histones in ESCs, the cells did not differentiate. Remarkably, the authors
show that the extremely dynamic nature of these chromatin proteins appears to be
a feature of other mammalian pluripotent embryonic stem cells but not of lineage-
specific stem cells, indicating that it is a hallmark of pluripotency. These results indi-
cate that global reorganization of heterochromatin and changes in the dynamics of
chromatin-associated proteins are key events during the differentiation of ESCs.
E. Meshorer et al. (2006). Dev. Cell 10, 105–116.
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